1. Background {#sec141550}
=============

Methamphetamine dependency is a major problem for general health of a society and its consumption is significantly higher in some social groups such as youths ([@A25075R1], [@A25075R2]). Methamphetamine increases the catecholamine levels, including dopamine, which mainly affects arousal. Brain imaging studies of methamphetamine-dependent individuals have shown that they have abnormal brain structures, such as destructed gray matter, limbic and paralimbic cortex, smaller hippocampus, significantly increased white matter, destroyed medial frontal lobe, and enlarged striatum ([@A25075R3], [@A25075R4]). In addition, chemical and metabolic neuron-specific changes were observed in the middle part of striatum in these people ([@A25075R5], [@A25075R6]). A state of dopaminergic overactivity was also seen in methamphetamine-dependent individuals compared with other addicts ([@A25075R7], [@A25075R8]).

Different approaches have investigated dependence on substances and attempted to explain the issue. In relation, Gray's reinforcement sensitivity theory (RST) is an advanced and important neuropsychological theory ([@A25075R9]). Gray established his theory on the two dimensions of anxiety and impulsivity ([@A25075R10]). He explained how brain-related personality traits predispose individuals to develop psychological disorders ([@A25075R11]). According to Gray's main reinforcement sensitivity theory, three brain motivational systems exist: 1) the aversive or behavioral inhibition system (BIS); 2) the appetitive or behavioral approach system (BAS); and 3) the fight and flight system (FFS), which responds to aversive unconditional and punishment unconditional stimuli ([@A25075R12]).

In 2000, Gray and McNaughton totally revised the RST ([@A25075R9]). In this revised reinforcement sensitivity theory (r-RST), the mentioned systems are activated by different stimuli. In r-RST, the revised behavioral activation system (r-BAS) responds to positive conditional and unconditional stimuli. FFS includes a freezing reaction, along with fight and flight responses, which are responsible for responding to unavoidable threatening stimuli. The fight and flight system was changed to a revised fight/flight/freeze system (r-FFFS), and it was assumed that r-FFFS mediates the response to all aversive conditional and unconditional stimuli and plays the role of the punishment system, which was played by BIS in the original RST. It is believed that in r-RST, r-BIS is responsible for goal conflict resolution ([@A25075R13]).

Studies have revealed that opioid-dependent individuals, smokers, and alcoholics have higher scores of seeking variety or BAS than control groups ([@A25075R14]-[@A25075R17]). Results of a study by Johnson showed that higher BAS scores can predict drug abuse and dependence in a lifetime ([@A25075R18]). In addition, Fowls proposed that substance abuse is due to the dominance of BAS over BIS ([@A25075R19]).

Despite previous studies, the role of BIS sensitivity in substance abuse is not clear, especially in methamphetamine consumption. Some studies of drug consumption that were carried out on the general population reported a negative correlation between sensitivity of BIS and drug abuse ([@A25075R20]-[@A25075R23]), while other studies reported no association in this regard ([@A25075R23]-[@A25075R26]). Another study reported that a strong association exists between substance abuse and BIS ([@A25075R27]). As Bijttebier et al. pointed out in their review article in 2009, almost all studies on psycho-pathologic analysis of Gray's theory used the main theory (RST), and less used the revised theory (r-RST); this shortcoming is seen as well in studies in the field of addiction ([@A25075R28]).

2. Objectives {#sec141551}
=============

Therefore, this research is seeking to answer the question about what the difference is in r-RST subsystems between methamphetamine and opioid dependents and non-dependent individuals.

3. Patients and Methods {#sec141553}
=======================

In this causal-comparative research, 50 people who met the inclusion criteria were assigned through the convenience sampling method into two groups: one group of 25 methamphetamine dependents and one group of 25 opioid dependents. Another 25 people, who were not addicted to drugs and whose age and gender variables were matched with the groups of methamphetamine and opioid users, were also included in the study as the control group. The three groups, including the methamphetamine-dependent group, the opioid-dependent group, and the control group were studied. The statistical population included non-dependent people, those referred to self-introduced withdrawal clinics (Navid and Navin), and the treatment community (TC) ([@A25075R22]) in Mashhad from March 2012 to September 2012. They were selected using the Structured Clinical Interview for DSM-IV Axis I Disorders (SCID-I), which is a semi-structured interview for making major DSM-IV Axis I diagnoses. Methamphetamine dependents were neither dependent on other drugs, nor did they consume other drugs concurrently with methamphetamine. Opioid dependents were not simultaneously dependent on methamphetamine. The number of 25 persons in each group was chosen according to a study by Hassani et al. and due to limited access to individuals who met with the inclusion criteria ([@A25075R29]). To control the heredity variable in the control group, the selected people were relatives and family members of the patients in the methamphetamine and opioid groups. Informed consent was obtained from the subjects and the study was approved by the Ethics Committee of the Medical Sciences University of Mashhad.

3.1. Research Tools {#sec141552}
-------------------

A demographic variables questionnaire was administered, which included questions about age, education, marital status (single, married, others), occupational status (full time, part time, unemployed), and physical status, along with history of physical disorders, and family and legal problems. The questions were asked and recorded confidentially by a psychologist. The validity of the questionnaire was approved by three professors of clinical psychology at Mashhad University of Medical Sciences.

The Jackson-5 is a questionnaire that provides a scale for the proper measurement of revised reinforcement sensitivity theory (r-RST). The questionnaire has 30 items, with six items for each subscale organized in a Likert format (1-strongly disagree, 2-disagree, 3-no opinion, 4-agree, 5-strongly agree). The Jackson-5 questionnaire has five subscales including behavior activation (r-BAS) (items 1, 6, 11, 16, 21, 26), behavior inhibition (r-BIS) (items 2, 7, 12, 22, 27), fight (r-Fight) (items 3, 8, 13, 18, 23, 28), flight (r-Flight) (items 4, 9, 14, 19, 24, 29), and freezing (items 5, 10, 15, 20, 25, 30). In a study of 927 subjects, Jackson et al. showed, through exploratory and confirmatory factor analysis, that the questionnaire has a good internal reliability and construct validity. In that research, the reasonable internal consistency of items was shown using Cronbach's alpha (0.70) ([@A25075R30]). Since reliability and validity of the Jackson-5 questionnaire was not studied in an Iranian population, and especially in addicts, in this research the questionnaire was first translated into Persian and then re-translated into English. After ensuring that the translation was correct, it was applied in a pilot study on 50 patients addicted to various substances residing in the TC in Mashhad. The internal consistency of the tool in the studied population was 0.67, as shown by Cronbach's alpha, which shows a good internal consistency in Iranian drug-dependent people.

After completion of the questionnaires, the gathered data were analyzed through descriptive and inferential statistics. The demographic variables of the groups were compared using the Chi-square test. The Kolmogorov-Smirnov test was used to ensure normal distribution of the data among the two groups of methamphetamine and opioid dependents, and the independent t-test was used to compare the variables of drug consumption, age of onset, and duration. In order to compare the brain systems of the individuals, multivariate analysis of variance (MANOVA), univariate analysis of variance (ANOVA), and post hoc Scheffe tests were used. All statistical operations were performed by SPSS at the level of α = 0.05.

4. Results {#sec141554}
==========

First, the demographic variables were analyzed in all groups. The mean age of subjects in the methamphetamine-dependent and opioid-dependent groups was 28.88 ± 3.80 and 30.20 ± 5.02 years, respectively. The descriptive indices of the subjects and the results of the Chi-square test for comparison of educational level, marital status, and occupational status are shown in [Table 1](#tbl36368){ref-type="table"}.

###### Comparison of Demographic Variables Between Methamphetamine-dependent, Opioid-dependent Groups and Controls Chi-square Test^[a](#fn38832){ref-type="table-fn"}^

  Demographic Variables    Control   Opioid-dependent   Methamphetamine- dependent   P Value   χ^2^
  ------------------------ --------- ------------------ ---------------------------- --------- ------
  **Level of Education**                                                             .206      .95
  Guidance                 36 (9)    32 (8)             44 (11)                                
  High school              36 (9)    52 (13)            52 (13)                                
  Academic                 28 (7)    16 (4)             4 (1)                                  
  **Marital Status**                                                                 .272      .155
  Married                  44 (17)   68 (17)            44 (11)                                
  Single                   28 (7)    32 (8)             48 (12)                                
  Other                    4 (1)     0 (0)              8 (2)                                  
  **Job**                                                                                      
  Full-time                36 (9)    36 (9)             20 (5)                       .65       .462
  Part-time                32 (8)    28 (7)             44 (11)                                
  Unemployed               32 (8)    36 (9)             36 (9)                                 

^a^Data are presented as frequency %.

As can be seen in [Table 1](#tbl36368){ref-type="table"}, there is no significant difference between the groups in terms of education (P = 0.020, χ^2^ = 5.9). In addition, no significant difference was found between the groups in terms of marital status (P = 0.272, χ^2^ = 5.15) or occupational status (P = 0.65, χ^2^ = 2.46). Next, the variables of age at onset of consumption and duration of dependence were compared in the two groups of methamphetamine dependents and opioid dependents using the independent t-test ([Table 2](#tbl36369){ref-type="table"}).

###### Comparison of Drug-dependent Groups in Age at Onset of Consumption, Age at Onset Dependence, and Duration of Dependence^[a](#fn38833){ref-type="table-fn"}^

  Variables                         Methamphetamine-dependent   Opioid-dependent   P Value   T^[b](#fn38834){ref-type="table-fn"}^
  --------------------------------- --------------------------- ------------------ --------- ---------------------------------------
  **Age at onset of consumption**   2.2 ± 16                    6.6 ± 19.48        .019      2.483
  **Age at onset of dependence**    2.97 ± 18.88                7.06 ± 22.68       .019      2.477
  **Duration of the dependence**    4.04 ± 10                   6.13± 9.16         .571      0.572

^a^Data are presented as mean ± SD.

^b^The condition for equality of variances.

The results showed that methamphetamine dependents began consuming significantly sooner than opioid dependents (t (48) = 2.483. P = 0.019), thus they had an earlier dependence age (t (48) = 2.477, P = 0.019). The age of onset of consumption of illegal substances was 16 years in methamphetamine-dependents and 19.5 years in opioid-dependents. The age of dependence onset in methamphetamine dependents and opioid dependents were 19 and 22.5 years, respectively. No difference was observed between the two groups in terms of consumption duration (t (48) = 0.572, P = 0.571).

The results of multivariate analysis of variance showed that a significant difference existed between the three groups of methamphetamine dependents, opioid dependents, and controls in the combined dependent variables of the Jackson-5 Factor (F (10,136) = 4.073, P \< 0. 001, Partial η^2^ = 0.230 and Wilk's lambda = 0.592).

The results of univariate analysis of variance for each subscale of the Jackson-5 questionnaire showed that a significant difference existed between the three groups in the variables of r-BAS, r-BIS, and freezing (P \< 0.005), while they had no significant difference in terms of r-Flight ([Table 3](#tbl36370){ref-type="table"}).

###### Analysis of Variance Between the Three Groups Studied Jackson-5 Factor

  Dependent Variable   Mean ± SD      Mean Square   Square    df   F       P Value                                    η^2^
  -------------------- -------------- ------------- --------- ---- ------- ------------------------------------------ ------
  **Group**                                                                                                           
  **r-BAS**                           86.76         173.52    2    5.567   .006^[a](#fn38835){ref-type="table-fn"}^   .134
  Methamphetamine      22.84 ± 3.71                                                                                   
  Opiate               20.8 ± 4.28                                                                                    
  Normal               19.12 ± 3.82                                                                                   
  **r-BIS**                           95.213        190.427   2    5.092   .009^[a](#fn38835){ref-type="table-fn"}^   .124
  Methamphetamine      24.96 ± 3.16                                                                                   
  Opiate               22.36 ± 4.90                                                                                   
  Normal               22.40 ± 5.17                                                                                   
  **r-Fight**          19.32 ± 5.88   150.173       300.347   2    7.478   .001^[a](#fn38835){ref-type="table-fn"}^   .172
  Methamphetamine      14.44 ± 3.90                                                                                   
  Opiate                                                                                                              
  Normal               16.48 ± 3.21                                                                                   
  **r-Flight**                        24.333        48.667    2    1.784   .175                                       .042
  Methamphetamine      14.2 ± 4.33                                                                                    
  Opiate               15.80 ± 2.90                                                                                   
  Normal               14.00 ± 3.69                                                                                   
  **Freezing**                        71.773        143.547   2    5.635   .005^[a](#fn38835){ref-type="table-fn"}^   .135
  Methamphetamine      16.12 ± 3.87                                                                                   
  Opiate               15.36 ± 4.35                                                                                   
  Normal               12.88 ± 2.04                                                                                   

^a^P value is significant at the 0.01.

A Scheffe post hoc test was used to observe the intergroup differences ([Table 4](#tbl36371){ref-type="table"}).

###### Results of Scheffé's Test to Compare Groups of the Dependent Variables Among the Subjects

  Dependent Variable   Differences in Average   Standard Error   P Value
  -------------------- ------------------------ ---------------- ------------------------------------------
  **Group**                                                      
  **r-BAS**                                                      
  Methamphetamine                                                
  Normal               3.72                     1.116            .006^[a](#fn38836){ref-type="table-fn"}^
  Opiate               2.04                     1.116            .196
  Opiate                                                         
  Normal               1.68                     1.116            .328
  Methamphetamine      -2.04                    1.116            .196
  Normal                                                         
  Opiate               -1.68                    1.116            .328
  Methamphetamine      -3.72                    1.116            .006^[a](#fn38836){ref-type="table-fn"}^
  **r-BIS**                                                      
  Methamphetamine                                                
  Normal               3.36                     1.223            .028^[b](#fn38837){ref-type="table-fn"}^
  Opiate               3.4                      1.223            .025^[b](#fn38837){ref-type="table-fn"}^
  Opiate                                                         
  Normal               -0.04                    1.223            .999
  Methamphetamine      -0.4                     1.223            .025^[b](#fn38837){ref-type="table-fn"}^
  Normal                                                         
  Opiate               0.04                     1.223            .999
  Methamphetamine      -3.36                    1.223            .028^[b](#fn38837){ref-type="table-fn"}^
  **r-Fight**                                                    
  Methamphetamin e                                               
  Normal               2.84                     1.267            .088
  Opiate               4.88                     1.267            .001^[a](#fn38836){ref-type="table-fn"}^
  Opiate                                                         
  Normal               -2.04                    1.267            .28
  Methamphetamine      -4.88                    1.267            .001^[a](#fn38836){ref-type="table-fn"}^
  Normal                                                         
  Opiate               2.04                     1.267            .28
  Methamphetamine      -2.84                    1.267            .088
  **Freezing**                                                   
  Methamphetamine                                                
  Normal               3.24                     1.009            .008^[a](#fn38836){ref-type="table-fn"}^
  Opiate               0.76                     1.009            .754
  Opiate                                                         
  Normal               2.48                     1.009            .055
  Methamphetamine      -0.76                    1.009            .754
  Normal                                                         
  Opiate               2.48                     1.009            .055
  Methamphetamine      -3.24                    1.009            .008^[a](#fn38836){ref-type="table-fn"}^

^a^Significant at the 0.01.

^b^Significant at the 0.05.

The results of this section showed that the methamphetamine-dependent group had significantly higher r-BAS and freezing scores than the control group. The scores of r-BIS were also significantly higher in the methamphetamine-dependent group than the opioid-dependent and control groups. For the r-Fight variable, the methamphetamine-dependent group was higher than the opioid-dependent group, while no significant difference was seen between the three groups in terms of r-Flight scores.

5. Discussion {#sec141555}
=============

The present study showed that the methamphetamine-dependent patients began drug consumption significantly sooner than opioid-dependent patients. The age of consumption onset in methamphetamine-dependent patients and in opioid-dependent patientss was 16 and 19.5 years, respectively, which is earlier than the consumption onset shown in other studies ([@A25075R31]). Darke et al. showed that the age of onset was 18 years in methamphetamine-dependent patients and 20.5 years in opioid-dependent patients. In this study, the age of dependence onset was 19 years in methamphetamine-dependent patients and 23 years in opioid-dependent patients; this is lower than a study performed in Tehran, which reported the age of onset as 25 -- 34 years ([@A25075R32]).

Previous studies have addressed the role of the subsystems of Gray's reinforcement sensitivity theory in dependence on other substances such as alcohol ([@A25075R33]-[@A25075R36]), opioid, or cocaine ([@A25075R12], [@A25075R17]). The objective of this study was to compare the subsystems of the revised Gray's reinforcement sensitivity theory between methamphetamine-dependent and opioid-dependent patients and a non-dependent control group.

The results of this study showed that a difference existed between methamphetamine-dependent and opioid-dependent patients and the control individuals in the four systems of behavioral activation, behavioral inhibition, fight, and freezing, and from the five systems of the revised Gray's reinforcement sensitivity theory (r-RST). However, no significant difference was observed in the flight system.

In the behavioral activation subsystem, the scores of methamphetamine-dependent patients were significantly higher than the control group; this is consistent with a majority of studies ([@A25075R18], [@A25075R21], [@A25075R23], [@A25075R37]-[@A25075R39]). In fact, methamphetamine dependents have more sensitive behavioral activation than normal people. Psychotropic drugs, especially stimulants such as methamphetamine and cocaine, affect the dopaminergic system, which regulates emotional responses and leads to more positive emotional experiences ([@A25075R40]). For high sensitivity of the behavioral activation system, some researchers use the term reward deficiency syndrome, and have investigated this as a possible factor in drug abuse development ([@A25075R39]). Reward deficiency syndrome points out the inability to express satisfaction, resulting from a disturbance in the dopamine function in the brain reward cycle, following smoking, drug, and alcohol consumption. This syndrome is a predictor of aggressive behaviors and addiction ([@A25075R37], [@A25075R41], [@A25075R42]).

An interesting result in this study was the lack of a significant difference between opioid dependents, methamphetamine dependents, and controls in terms of the behavioral activation system. This finding is inconsistent with some previous studies, performed in Iran and other countries ([@A25075R17], [@A25075R34], [@A25075R43]). According to the results of Jackson et al., the reason for this inconsistency in the findings can be attributed to the difference in the definition of the BAS function in the main and revised theories. In the original theory, BAS is activated by reward-associated stimuli or at the end of punishment and is responsible for organization of behavior in response to pleasant stimuli, such as unconditional reward or flight from punishment. In the revised theory, r-BAS is responsible for responding to arousal stimuli, both conditional and unconditional; it is also responsible for organization of behavior in response to arousal stimuli ([@A25075R23]).

Regarding the behavioral inhibition subsystem (BIS), the results revealed that methamphetamine dependents have a more sensitive inhibition system, when compared with opioid dependents and controls. This finding is consistent with some studies ([@A25075R27], [@A25075R40], [@A25075R43]) and inconsistent with others ([@A25075R21], [@A25075R22], [@A25075R44]). The reason for this difference is the variation in the definition of the BIS function in the main and revised theories. In the main theory, BIS has an inhibition and punishment role, while in the revised theory this system is not as inhibitory, plays a lower role in punishment, and is affected by anxiety ([@A25075R30]).

The higher sensitivity of r-BIS in the methamphetamine-dependent group means that an avoiding-defensive point of view exists toward social conflicts, social comparison, failure in attempts, uncertainty, and avoidance of social judgments of others. In comparison to opioid-dependents and controls, methamphetamine consumers experience more negative emotions and more tendencies toward avoidance behaviors ([@A25075R30], [@A25075R44], [@A25075R45]).

The methamphetamine dependents had a higher sensitivity compared to the opioid dependents in the fight system, but no difference was found between the opioid-dependent group and controls; this is similar to other studies ([@A25075R30], [@A25075R40], [@A25075R46]). The higher sensitivity of the fight system can be attributed to the negative effects of methamphetamine on occurrence of psychotic-like symptoms and anxiety. On the other hand, those with a high r-Flight and r-BAS have antisocial tendencies and social deviation ([@A25075R30]). Thus, it can be concluded that the interaction of these two systems in the personality of methamphetamine dependents can explain the majority of their interpersonal and social problems, and the fight system increment in methamphetamine dependents can be due to the correlation of this system with the antisocial characteristics of these patients.

In the freezing system, those dependent on methamphetamine and opioids had more sensitivity than the controls; this finding is similar to other studies ([@A25075R45]). Gray, McNaughton, and Jackson believe that freezing is a tendency toward mental or physical inhibition, when the person is in threatening and fearful situations ([@A25075R9], [@A25075R31]). In those dependent on methamphetamine and opioids, the extent of purposeful and organized behavior and response to unpleasant stimuli is reduced when compared with controls, and in threatening and unpleasant situations they have a higher tendency toward freezing (which has a fear basis).

So, the revised reinforcement sensitivity theory is a neurologic theory of personality, which attempts to explain the basic biologic constructs of personality. In this research, the participants in three groups (methamphetamine, opioid, and control) were so selected to be closely related, or family members, in order to have similar genetic and environmental conditions. Despite these similarities, the highest difference was seen in the two groups of methamphetamine and opioid dependents; this can explain the effect of methamphetamine on the brain structure of the consumers. The findings also showed that the sensitivity of the two systems, revised behavioral activation and inhibition, was higher in methamphetamine dependents than opioid dependents and controls, and in the revised fight/flight/freezing system, a difference existed between dependents on methamphetamine and opioids. High sensitivity of the behavioral activation and behavioral inhibition systems in methamphetamine dependents, as seen in the results of this study, confirms the higher levels of extraversion-impulsivity and tendency toward reward and punishment avoidance. Through the study of addiction and the neurobiological constructs of personality, this study tried to augment the basic knowledge of researchers in understanding the relationship between addiction, the nervous system, and the varied vulnerability of individuals. Also, it may encourage researchers in the field of the relationship of brain and behavioral systems and pathologic aspects of patients.

The limitations of the study that should be mentioned were its cross-sectional format, the small sample size due to inaccessibility to people who had the inclusion criteria, and being a single sex study due to inaccessibility to methamphetamine and opioid using women. Thus, it is suggested that this study be performed in the future more extensively and include the female population.
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